context, preparative routes to cationic nickel and palladium complexes and corresponding in situ preparations of catalysts have been developed. These recent advances are reviewed (229 references). 
Introduction
In catalysis with transition metal complexes, insertion-type C C linkage of olefins resulting in formation of oligomers or polymers represents one of the most important reactions. Thus, olefin polymerization with metallocene catalysts [1] has been subject to immense research efforts over the past years. The nickel catalyzed Shell Higher Olefin Process for the oligomerization of ethylene to linear a-olefins is currently applied on a scale of nearly 1 million tons per year [2] . As a recent development, polymerization of olefins to high molecular weight polymers by late transition metal complexes is finding strong attention [3] . The latter reactions, namely the vinyl-type (to distinguish from metathesis reactions) homo-and copolymerization of monoolefins, are most often performed with nickel or palladium catalysts. Other metals have also been applied [4] , and very recently highly active ethylene polymerization catalysts based on iron or cobalt complexes have been reported [5] . Mechanistically, these reactions are generally assumed to involve migratory insertion in alkyl -olefin complexes as the C C linkage reaction step, as illustrated by a simplified representation of ethylene polymerization (Scheme 1). Scheme 1. Mechanism of ethylene polymerization by late transition metal complexes (simplified scheme; isomerization excluded).
Most often the catalysts employed contain ligands with Group V or VI donors, which coordinate not only in the catalyst precursor, but also in the active species, in contrast to ligands merely intended to stabilize the catalyst precursor. For this reason, they have been termed 'spectator ligands', though they are of course far from being passive 'spectators' but control catalyst selectivity and activity via steric and electronic interactions; therefore the term 'controlling' ligand may be more appropriate. This concept is illustrated by the general structure 1 of an organometallic complex suited as a single-component catalyst precursor. In addition to the 'controlling' ligands L and the 'stabilizing' ligands L%, it features a formally monoanionic ligand R bound to the metal via a carbon atom, which enables facile entry into the catalytic cycle (e.g. R = alkyl). To allow for facile removal from the metal center, e.g. by displacement by coordination of olefin monomer, L% will most often be neutral, whereas L may also have a formal (anionic) charge. Depending on its electronic configuration, which can be translated to formal charges of the ligands and the oxidation state of the metal center, the entire complex will obviously be neutral or (cationically) charged. An example of a neutral nickel(II) complex is provided by 2, prepared by Keim and coworkers [6] as a precursor for olefin oligomerization. The 'controlling' ligand in 2 is a formally monoanionic P,O-chelate. In terms of the general structure 1, the stabilizing ligand L% in 2 is the olefinic function, which is covalently linked to the R group in this case. It should be noted that the above considerations regarding the charge of the precursor complex also apply to the metal species involved in the mechanism in Scheme 1, the R group being replaced by the growing polymer chain or a hydride-ligand.
In early work, the 'controlling' ligands were most often monodentate neutral, or bidentate monoanionic entities, resulting in cationic or neutral M(II) complexes, respectively, as constituents of the catalytic cycle. Prominent examples of catalysts employing the former class of ligands are the phosphine-modified nickel systems developed by Wilke et al., which are highly active for the dimerization of propene [7] . The latter class of ligands is exemplified by the anionic chelating P,O-ligands already referred to, nickel(II) complexes of such ligands being the basis of the Shell Higher Olefin Process, i.e. the linear oligomerization of ethylene to a-olefins. In terms of current developments, it is interesting to note that ethylene polymerization to higher molecular weight products by nickel catalysts with monoanionic ligands has also found continued interest (S,O ligands: [8a] ; N,N ligands, yielding branched polymer: [8b,c] ; P,O derived systems: [8d-g]; N,O ligands, yielding moderately branched, high molecular weight polymer: [9] ). In addition to catalysts containing 'controlling' ligands, 'weakly coordinated' catalysts, exemplified by the precursor structure [RM(L%) n ] + (R = s-or p-bound formally monoanionic hydrocarbon ligand; L%= weakly coordinating 'stabilizing' ligand), have also been thoroughly investigated. Particularly, they have been used for the polymerization of conjugated dienes [10a] , and in a recent development nickel and palladium complexes of the above general structure have been found to be highly active precursors for the polymerization of cyclic olefins [11, 57, 124] . Catalytic dimerization and oligomerization of monoolefins and the related organometallic chemistry have been extensively investigated for complexes with monodentate neutral ligands and bidentate anionic ligands, and some of the excellent reviews which have appeared on the subject are given in Ref. [12] . By contrast, late transition metal catalysts based on cationic complexes containing multidentate ligands have only recently found strong attention, e.g. in the work of Drent et al. [13] and Brookhart and coworkers [14] . Such catalysts can be highly active, and allow for novel reactions, such as the alternating copolymerization of olefins with carbon monoxide to high molecular weight polyketones, the copolymerization of ethylene and a-olefins with functionalized olefins such as acrylates, or the homopolymerization of ethylene to high molecular weight, highly branched materials (Scheme 2).
Mechanistic investigations, as well as efficient and reliable catalyst synthesis on a laboratory scale, require well-defined, highly reactive, versatile transition metal reagents. The current surge of interest in catalyst discovery via automated parallel syntheses [15] further underlines this demand, e.g. for screening of new ligands. In terms of the above discussion, a cationic complex containing a multidentate 'controlling' ligand L m , which is suited as a catalyst precursor, can be represented by structure 3.
In a cationic complex, the counterion Y − obviously must be very weakly or non-coordinating to prevent unfavorable interaction with the metal center, resulting, e.g. in displacement of labile ligands L% in structure 3 or corresponding blocking of coordination sites during catalysis [16] . While the finding of suitable non-coordinating anions has been critical to the activation of metallocene catalysts with excess [1b] or stoichiometric amounts [33] of cocatalyst, the subject of interaction of the anion with the metal center has been given less systematic consideration with respect to polymerization reactions catalyzed by late transition metals. In general, late metal catalysts are less sensitive to anion coordination due to the lower electrophilicity of the metal center. In cationic palladium(II) compounds anions such as SbF 6 − , PF 6 − and BF 4 − are usually regarded as very weakly or non-coordinating [16] . For cationic nickel catalysts, the picture is less clear. In terms of the general trend throughout the periodic table, they will be more electrophilic than a respective complex of the higher homologues. The effect of different anions on the polymerization of butadiene by cationic nickel complexes has been investigated, revealing PF 6 − to be essentially non-coordinating [10]. However, due to the different mechanisms (allyl vs. alkyl complexes, different ligand environments), these results can not simply be transferred to polymerization reactions of monoolefins.
Concerning the use of cationic complexes of late transition metals with multidentate ligands in vinyl-type olefin polymerization, investigations utilizing well-defined organometallic complexes as catalyst precursors have been limited mostly to nickel and palladium 1 . While the organometallic chemistry of these metals in general has been a subject of continued strong interest for a long time, cationic complexes with multidentate ligands had received comparatively less attention. In view of their applications in catalysis, this paper reviews recent advances in the preparation of cationic complexes of these two metals.
Cationic alkyl complexes
As previously mentioned, in the C C linkage of monoolefins by late transition metal catalysts chain growth is generally assumed to proceed via migratory insertion of alkyl -olefin complexes (Scheme 1). Thus, alkyl complexes of the general type 3 (vide supra, R =alkyl) as catalyst precursors may be considered as the most 'direct' entry to the catalytic cycle, and they represent good models for mechanistic studies, allowing for ready reaction of unsaturated substrates with the M-alkyl moiety even at low temperatures. Particularly in view of in situ generation of the cationic species, the weakly coordinating stabilizing ligand L% may also be a solvent molecule or it may represent the olefin monomer, if the cationic complex is generated in the presence of the latter. As alkyl complexes of late transition metals are prone to b-hydride elimination, most work has employed alkyl substituents R without b-hydrogen atoms, i.e. predominantly methyl groups or groups CH 2 CR 3 or CH 2 SiR 3 , or alkyl groups in which steric restrictions disfavor b-hydrogen elimination.
Preparation from neutral monomethyl complexes
Halide abstraction from neutral halide complexes in the presence of a weakly coordinating ligand (vide infra) represents a general route to cationic complexes (Eq. (1)).
(1) [18] , diimines [19] , polymer-bound diimines [15b], pyridine-imines [17b] , P N-ligands [20] , P O-ligands [21] , S N-ligands [22] counterion [26] is highly lipophilic, enabling the preparation of cationic complex which are well soluble in organic solvents even at low-temperatures [34] . Preparation of the thallium salt of BAr F − 4 has also been described recently [27] .
Cationic [14a,b,f,g,18,20,25,28,34b,c] , as well as, as catalyst precursors for the preparation of olefin homo-and copolymers [14a,b,d,f,28g, 29,34b] . As discussed previously, facile displacement of L% by the substrates is a necessary prerequisite. In cationic complexes [(N N)PdMe(L%)]BAr + is more amenable to displacement by hard-donor ligands, due to weaker back-binding from the metal center to the cod ligand in the cationic species.
By comparison to its higher homologue, cationic methyl complexes of nickel with multidentate ligands are relatively scarce [12b,c,14a,30] . Considering preparation of cationic complexes of bidentate ligands via halide abstraction, addition of one equivalent of L L to the neutral nickel alkyl complexes [(PMe 3 ) 
Preparation from dialkyl complexes
The protonation of dialkyl complexes, or selective abstraction of one alkyl group with a strong Lewis acid, represents a second general route to cationic transition metal alkyl complexes (Scheme 3). By these routes complexes with very weakly coordinating ligands L% and/or special counterions Y − , which are not accessible by other methods, can be obtained. In addition, they offer the opportunity of only a gaseous, inert side product being formed, or the complete absence of such, which is advantageous in preparation of defined complexes but also in in situ catalyst systems [L n MMe 2 ]/acid cocatalyst. This methodology has been applied widely with early metal metallocenes, for the preparation of defined complexes or for in situ catalysts [33] . With metallocenes, dimethylanilinium salts are often used as a proton source, or tritylium salts or Lewis-acidic triaryl boron compounds can be used to abstract one methyl group. which is reported to be stable at room temperature (r.t.) under a protective gas atmosphere as a solid, the tmeda ligands can be displaced by bipy or by the bidentate phosphine dmpe, yielding complexes [(L L)NiMe 2 ] [38] . However, it must be noted that in reaction with L=PR 3 (R=Me, Ph, OPh), reductive elimination of ethane to complexes [NiL 4 ] occurs [38] . Similarly, ligand exchange reactions of [(bipy)NiMe 2 ] with diphosphines Ph 2 P(CH 2 ) n PPh 2 yielded [(P P)NiMe 2 ] for n =2 or 3 whereas for n= 1 or 4 reductive elimination occurred [39] , which imposes some restrictions on the general applicability of this route.
The [24,42,43a] 
. In general, the palladium dimethyl complexes can be handled at r.t. under a protective gas atmosphere, although storage should occur at low temperature.
In comparison to the thoroughly investigated chemistry of the nickel and palladium dialkyl complexes in general, reactions with Lewis or Brønsted acids of very weakly or non-coordinating counterions have found little attention. As the resulting cationic nickel methyl complexes are very sensitive, they have rarely been isolated [14a] . The polymerization of ethylene by in situ combinations of [(adiimine)NiMe 2 ] with different cocatalysts has been described recently [45] ; however, only very small amounts of polymers were obtained in this study. By contrast, the preparation and isolation of cationic palladium ether-adducts 
+ , corresponding to a hydride abstraction from the butandiyl ligand [50] . In addition to the above routes via alkyl abstraction, [(tmeda) 
Complexes with an alkyl group which chelates 6ia a functional group
Alkyl complexes can be stabilized by chelating coordination of a functional group, which is incorporated in the alkyl ligand, i.e. in terms of the general structure 3, L% is covalently bound to the R group. Enyl complexes are a representative of such compounds. They can be obtained by addition of nucleophiles to coordinated dienes (Eq. (2) [58] have been applied to the polymerization of norbornene.
Another 
Protonation of olefin complexes
Protonation of an olefin complex by a Brønsted acid, accompanied by increase of the oxidation state of the metal, can also be utilized for the preparation of alkyl complexes [59] . [6] . Considering activation for catalysis, it should be noted that reaction of this complex with ethylene resulted predominantly in formation of C 8 H 12 -isomers, i.e. cleavage of the cyclooctenyl group from the metal center does not involve coupling with the olefinic monomer in this case [6] . 
Cationic allyl complexes
In containing metal -carbon bonds, h 3 -allyl complexes also provide a convenient entry into the catalytic cycle of monoolefin-linkage reactions. Much of the pioneering work in this field has relied on these complexes, and allyl complexes may be regarded as the first well-defined organometallic late transition metal complexes used as catalyst precursors for these reactions [61] . An example of early work in catalysis, the dimerization of propene, explored by Wilke et al. is shown in Eq. (4) [7] .
It should be noted that the related reactions of conjugated dienes proceed via allyl complexes as intermediates of the catalytic cycle [7, 10] , and the extensive chemistry of allyl complexes has also received much attention in this context. + by halide abstraction [21,65a] .
Activation of allyl complexes occurs by formal insertion of the monoolefinic substrate into the metal -allyl moiety, ultimately resulting in cleavage of the allyl group from the metal center [12a] . In recent work on cationic palladium complexes with phosphine ligands PR 3 , complexes [(h 3 -allyl)(H 2 C CH 2 )Pd(PR 3 )] + could be observed directly as precursors for olefin-allyl coupling (Eq. (5)) [65] . (5) For complexes [(h 3 -allyl)(H 2 C CH 2 )Pd(P O-k 1 P)] + with hemilabile P O ligands containing a strongly coordinating phosphine and a rather weakly binding oxygen donor, the insertion rate was found to decrease when an O-donor of increased binding strength was introduced, due to equilibria [(h 3 -allyl [66] to be considerably less active in ethylene polymerization than Brookhart's original catalyst systems [14a] with the same diimine ligand.
To circumvent the disadvantage of slow activation, substituted allyl complexes with electron-withdrawing substituents [67] have been used recently in combination with Lewis acids. For example, activity in olefin polymerization using complexes [(XC 3 H 4 )Ni(bidentate ligand)]Y (X=Cl, MeOC(O), EtOC(O)) as precursors has been claimed to be significantly enhanced by the presence of BAr 3 [14d,102] . Alternately, the use of allyl compounds with aryl or alkyl substituents in the 1-position has been claimed to be advantageous in comparison to the unsubstituted allyl compounds in such catalysts [102] .
Cationic aryl complexes
In nickel(II) complexes containing an anionic bidentate ligand (cf. Section 1), h 1 -s-bound aryl substituents have played an important role in the development of well defined catalyst precursors. In the pioneering work of Keim et al., the phenyl ligand in [{Ph 2 PC(H) C(Ph)O-k 2 P,O}NiPh(PPh 3 )] originates from the ylid ligand precursor Ph 3 P =C(H) C( O) Ph [8d, 68] , In subsequent work, related single component catalyst precursors with aryl substituents have also been prepared by other routes [9a,69] . Neutral palladium complexes with an aryl substituent have also attracted attention due to their occurrence as intermediates in organic synthesis involving coupling reactions of aryl groups [70] , such as the Heck reaction [71] . By comparison, applications of cationic aryl complexes related to catalysis are less.
In comparison to alkyl complexes, in aryl complexes, particularly with perhalo aryl substituents, the metal -carbon bond is significantly more stable. This may result in lower reactivity of the catalyst precursor's metal-carbon bond towards olefin monomer on the one hand, but higher stability of the precursor may be an advantage. The latter aspect may be relevant especially for the preparation of well-defined nickel complexes, Ni-alkyl compounds being quite susceptible to decomposition. However, so far aryl complexes clearly do not possess the same importance as their alkyl counterparts (Section 2) as precursors for cationic catalysts for C C linkage reactions of olefins. In this section, examples of general routes to their preparation will be reviewed briefly, and reactions relevant to catalysis will be discussed.
Preparation from neutral monoaryl complexes
As precursors to cationic complexes, neutral nickel halide compounds [ArXNiL 2 ] (Ar= (CH 3 ) n C 6 H 5 − n , C 6 Cl 5 , C 6 F 5 ) have been used in general. They can be prepared by reaction of [X 2 NiL 2 ] with magnesium Grignard reagents X%MgAr or with LiAr [72, 73] (2-pyridyl) [83] 
Bis(aryl) complexes
Activation of a bis(aryl) complex of an appropriate multidentate ligand to a catalytically active cationic complex, analogous to the protonation or abstraction of one methyl group from dimethyl complexes (Section 2.2), might be envisioned. In this respect, it can be noted that cleavage of the M C bond by HCl in complexes [XArNiL 2 ] has been reported for various aryl groups, whereas in pentachlorophenyl complexes (Ar = C 6 Cl 5 ) the M C bond was found to be stable under the reaction conditions employed [84] . Concerning the relative rate of protonation of complexes with different Pd C moieties, the reaction of [ 2 ] in moderate yield, the terpy ligand coordinating in a bidentate fashion [90] . In context of the use of bis(aryl) nickel complexes as catalyst precursors, it is interesting to note that complexes [(arene)Ni(C 6 F 5 ) 2 ] (accessible by vapor codeposition [91a] or more conveniently by 'classic' synthetic methodology via Grignard reactions [91b]) are precursors for olefin dimerization or isomerization, without additional cocatalyst. In this case, the authors propose complexes [(arene)Ni(alkyl)(C 6 F 5 )] as part of the catalytic cycle, one of the C 6 F 5 -ligands thus performing the role of a 'controlling' ligand [92] . Initial activation by coupling of one C 6 F 5 -group in [(arene)Ni(C 6 F 5 ) 2 ] with olefin monomer and cleavage from the metal center is thought to be the overall rate limiting step of catalysis, due to the strong Ni C 6 F 5 bond. Utilization of [(toluene)Ni(C 6 F 5 ) 2 ] for the polymerization of functionalized norbornenes has been described [93] .
Acti6ation of aryl complexes by olefin insertion
Considering suitability of aryl complexes as catalyst precursors, activation via coupling of the aryl moiety with olefin monomer [68,98b] can be expected to be a crucial step. With regard to cationic species containing bidentate ligands, data is lacking to allow for a direct comparison to, e.g. alkyl complexes. Nonetheless, various examples of olefin insertion into M Ar bonds under mild reaction conditions are known. Reaction of [(bipy)Pd(C 6 F 5 )Br]/AgClO 4 /diene was reported to yield cationic complexes [(bipy)Pd(C 6 F 5 -h 3 -allyl)]ClO 4 [94] . The neutral acetonitrile complex [(MeCN) 2 Pd(C 6 F 5 )Br] was found to react rapidly with dienes at r.t., yielding the dimeric insertion products [Pd(h 3 -C 6 F 5 -allyl)(m-Br)] 2 [95a] . Intramolecular insertion of the neutral complex [(cod)Pd(C 6 F 5 )Cl] was found to occur slowly at r.t. in solution (Eq. (6) [96] . (6) Cationic pentafluoro-and pentachlorophenyl complexes obtained in situ by reaction of [(X 5 C 6 Bu 3 , PBz 3 ; L% =NCCH 3 resp. L = 0.5 dppe; L%=py resp. L= 0.5 Ph 2 PCH 2 (2-pyridyl); L%= THF) have been employed as one-component catalysts for ethylene dimerization [98] . In this study, the complexes with the bidentate ligands displayed little or no activity, which the authors attribute to the instability of hydride intermediates occurring as part of the catalytic cycle; considering activation of the precursor complexes, substituted styrenes as coupling products of the aryl group with ethylene could be detected [98b] .
Transfer of halogenated aryl groups from BAr X 3 to a late transition metal center may prove to be a useful route to the preparation of cationic catalysts. A precedent for this reaction has been observed in early transition metal chemistry [99] . Polyketones with corresponding endgroups have been claimed to result from the copolymerization of olefins with carbon monoxide with the in situ system [(L L)Pd(NCPh) 2 ]/B(p-C 6 H 4 Cl) 3 [100] .
In situ catalyst systems

Catalyst systems in6ol6ing addition of Brønsted acids
Brønsted acids have been applied widely in in situ catalyst mixtures for the C C linkage of olefins. When discussing the reactions occurring in in situ catalyst systems, it must obviously be kept in mind that often they have not been clarified in detail for a particular system. Nonetheless, it is clear that Brønsted acids can fulfill various functions. In combination with metal species containing M C sbonds (e.g. L n MMe 2 ), the latter can be protonated by Brønsted acids HY, resulting in cationic complexes if Y is a very weakly or non-coordinating counterion, as already referred to in Section 2.2. A second important function of Brønsted acids are addition-type reactions, the subject of this section. Another function, removal of anions of weaker acids from the metal center, is mentioned in Section 5.3.
In situ reaction of a metal compound in a low oxidation state with a Brønsted acidic component is a well-established route for preparation of C C linkage catalysts, namely for preparation of nickel (II) L n ] + are formed, which were observed spectroscopically [101] . The latter are active for the dimerization and isomerization of olefins [101c] . Reaction of M(0) olefin complexes with a Brønsted acid can also result in the formation of M(II) alkyl complexes, the alkyl moiety being formed by coupling of an olefin ligand with the proton. As previously mentioned (cf. Section 2.4), this route has also been used for the preparation of cationic alkyl complexes with bidentate ligands.
Brønsted acids have also been used for the in situ preparation of cationic catalysts with bidentate ligands for olefin polymerization. ] has been applied to olefin polymerization for a variety of bidentate ligands [14d,102] . If the acid is premixed with the ligand, for sufficiently basic ligands a salt will be formed, which can then be reacted with the nickel component. With respect to the use of diimine ligands in such in situ catalysts, it is interesting to note that reaction of the nickel (0) , an equilibrium between the 4-en-1-yl and the h 3 -allyl form was observed [6] . Thus, for the general case of utilization of the above in situ preparation methods with new multidentate ligands, it may be speculated that formation of inactive h 3 -allyl complexes may diminish catalyst activity (cf. Section 3), and that the conditions of catalyst preformation (time, temperature) may have a strong influence.
Catalyst systems containing alkyl aluminum cocatalysts
In preparation of Ziegler-type catalysts, aluminum alkyls R n Al x Cl 3x − n , have found extensive use as cocatalysts. Later, methylalumoxane (MAO) was introduced as a halide-free cocatalyst [106]. Kaminsky's finding that Brintzinger's ansa-metallocenes can be activated for the highly stereospecific polymerization of propylene by MAO [107] , as well as the independent work by Ewen utilizing ansa-titanocenes [108] , may be considered to have initiated today's strong interest in metallocenes. While the functions of MAO can by no means be regarded as fully understood, there is evidence that activation of metallocene dihalides involves alkylation to the dimethyl complexes, and subsequent abstraction of one methyl group by MAO yielding a cationic metallocene complex [L 2 MCH 3 ] + [1b,c] . Apart from its special properties as a cocatalyst, MAO is also advantageous on a laboratory scale due to its less hazardous properties in comparison to common aluminum alkyls. In the pioneering work on nickel catalyzed oligomerization reactions of olefins, halide containing alkylaluminum compounds were used as activators in catalysts with monodentate 'controlling' ligands or 'weakly coordinated' catalysts. For example Et 3 Al 2 Cl 3 or EtAlCl 2 were used in the activation of precursors such as nickel carboxylates, phosphine adducts of nickel halides, or of halide containing allyl complexes [7,12a] .
In recent work, aluminum alkyls, particularly MAO, have also been applied successfully to the activation of nickel catalysts with bidentate ligands. The system [(a-diimine)NiBr 2 ]/MAO resp. modified MAO (e.g. Ni:Al = 1:1000) was found to be highly active in olefin polymerization and oligomerization [14a,e,h,53,109] . The same nickel halides can also be activated by Et 2 AlCl [14a,h,45] . Addition of Lewis acids such as B(C 6 F 5 ) 3 has been claimed to reduce the amount of aluminum alkyl cocatalyst required in such systems [110] [14a,36,112] . Exchange for a polymer-bound diimine ligand has also been described in the context of high-throughput catalyst screening [15b] . In analogy to typical procedures used for metallocenes [113] , heterogenization of the above nickel systems on silica has been reported [114] . Activation of other diimine nickel compounds, such as allyl complexes [14d,66] Sen et al. have applied the compound, respectively its reaction products with monodentate phosphines, as precursor to C C linkage reactions of olefins, such as the oligomerization of ethylene and a-olefins, the slow copolymerization of ethylene with CO, or the polymerization of styrene [117] . Later, Sen and coworkers [118] and others [119, 120] , applied the (much more active) catalyst system obtained from [Pd(NCCH 3 ) 4 ](BF 4 ) 2 and one equivalent of the bidentate phosphine dppp to the alternating copolymerization of olefins with CO 4 . Using aprotic solvents as a reaction medium, a relatively long induction period was observed, which was strongly reduced by addition of protic solvents [118a,119] . Addition of hydrogen also eliminates the induction period [118a] . Running the reaction in methylene chloride in the presence of only small amounts of methanol or water, high molecular weight propylene-CO copolymers can be obtained [120] . The combination of [Pd(NCCH 3 ) 4 ](BF 4 ) 2 with a sterically hindered a-diimine ligand results in an ethylene polymerization catalyst, yielding highly branched amorphous ethylene homopolymers [121] . In this case, addition of small amounts of alcohol to the dry chloroform solvent used had no effect on polymer yield. 2 -based catalysts, a Wacker-type mechanism involving nucleophilic attack by trace impurities of water on coordinated olefin has been proposed [125] . In reactions in aprotic solvents involving CO, formation of a palladium -hydride species via a water gas shift reaction with traces of water has been formulated [118a] . In the presence of alcohol solvents, activation via formation of a Pd OR species has been proposed [118a] . However, unambiguous experimental proof is lacking in all cases.
Another, related, system for the in situ preparation of cationic palladium catalysts, which has been cited in a large number of patents [13a,126] on the alternating copolymerization of olefins with CO in protic solvents is Pd(OAc) 2 /ligand/strong acid with a weakly or non-coordinating anion (e.g. Pd(OAc) 2 /dppp/ptoluenesulfonic acid; in methanol solvent). Presumably, a catalyst system of this type is the basis for Shell's commercial process for the production of Carilon™ ethylene -propene -carbon monoxide terpolymers [127] . A mechanistic proposal [13b] suggests the role of the acid being substitution of the acetate ligands for a weakly coordinating anion via protonation to acetic acid, thus providing easily accessible coordination sites. The acid component can also be replaced by transition metal salts of weakly or non-coordinating anions, such as Cu(OTs) 2 [13b] . Further activation is thought to occur via a Pd C(O)OMe species, which results from CO insertion into a palladium methoxide formed via (L L)Pd 2 + + MeOH (L L)Pd OMe + +H + , or by direct attack of methanol on coordinated CO. Alternately, activation can proceed via a Pd H species, which has been proposed to be formed in various ways (b-hydrogen elimination from Pd OMe, via the water gas shift reaction, or by Wacker-type reaction of methanol with ethylene) [13c] . Addition of oxidant promoters, such as benzoquinone, was found to enhance catalyst activity, particularly for bipy-type ligands [13c,126b] . The related system [(phen)Pd(OTs) 2 ] has been used for the alternating copolymerization of styrene and CO by Consiglio and coworkers [128] . The system Pd(OAc) 2 /bidentate ligand/ strong acid has also been applied in the absence of CO for the dimerization of olefins, using bidentate ligands (dppp, phen, bipy) in alcohol solvents [129] . By comparison, the system Pd(OAc) 2 /HBF 4 ·Et 2 O/a-diimine has been reported to be active for ethylene polymerization in chloroform solution, in the absence of protic solvents [121] .
Concluding remarks
Recent discoveries of a number of new catalyst systems for olefin polymerization based on cationic complexes of late transition metals have stirred excitement in industry and academia alike. Multidentate ligands are a key feature of these new complex catalysts. Recent investigations of the reactivity of such complexes towards unsaturated substrates has increased the understanding of their catalytic behaviour, already providing a remarkably detailed mechanistic understanding in some cases. The availability of synthetic routes to highly reactive, well-defined cationic compounds has been a prerequisite for this work. Cationic methyl complexes are used as well-defined catalyst precursors which are instantaneously activated, and they also occupy a central position in mechanistic investigations. Protonation of neutral dimethyl complexes, or halide abstraction from neutral mono-methyl complexes have proven to be convenient routes to such cationic complexes. In addition, in situ-systems allowing for a large-scale commercial application are known, as well as organometallic complexes with other metal-bound organic groups. In summary, a field of chemistry exciting from the standpoint of fundamental as well as applied research has been opened.
